Objective-Atypical antipsychotics induce weight gain and are linked to increased diabetes risk, but their relative impact on factors that elevate disease risk are unknown.
Introduction
Atypical antipsychotics have been associated with weight gain and increased risk of Type 2 diabetes. However, evidence for this relationship has largely been inferred from retrospective analyses (Haddad, 2004; Jin et al., 2002) , cross-sectional studies (Henderson et al., 2005) , and case reports (Haddad, 2004; Jin et al., 2002; Henderson et al., 2005; Gupta et al., 2001) . The pathogenesis of diabetes requires both insulin resistance and diminished pancreatic -cell secretory compensation for resistance (Porte, 1991) , yet few studies have used reliable methods to assess glucoregulatory function in patients receiving antipsychotic treatment. Moreover, few studies have characterized the longitudinal progression of drug effects on the metabolic factors that contribute to the pathogenesis of glucose intolerance and overt diabetes, particularly in ethnic groups with enhanced susceptibility to obesity and diabetes (Fujimoto et al., 1995; Haffner et al., 1996) .
Evidence to suggest that atypical antipsychotics may alter glucose metabolism is largely inferential (Bergman and Ader, 2005) . Obesity is a powerful risk factor for diabetes, and weight gain is a common side effect of many antipsychotics, although the magnitude varies considerably (Allison et al., 1999; American Diabetes Association, 2004) . For two widely prescribed antipsychotics, more substantial weight gain has been reported in olanzapinetreated patients than in those receiving risperidone (Allison et al., 1999; Eli Lilly and Company, 2001) . Little is known about the effects of these agents on adiposity per se, a potent risk factor in development of insulin resistance, cardiovascular disease, and the metabolic syndrome, and available data are conflicting (Ryan et al., 2004; Graham et al., 2005; Ader et al., 2005; Zhang et al., 2004) .
Apparent development of insulin resistance during antipsychotic treatment has been inferred from fasting hyperinsulinemia or fasting-derived indices (Henderson et al., 2005) , but such measurements are unreliable if pancreatic -cell function is compromised (Kahn and Flier, 2000) . Moreover, resistance alone is insufficient to cause diabetes because of the normal compensatory upregulation of insulin secretion that occurs to maintain glucose tolerance (Bergman, 1989; Bergman et al., 2001) . Understanding the mechanisms by which antipsychotics may induce diabetes requires that both insulin resistance and pancreatic function are measured in treated subjects, and monitored prospectively during drug therapy.
The present study was undertaken to quantify the effects of the atypical antipsychotics olanzapine and risperidone on glucoregulatory function in a longitudinal design. Longitudinal assessments of body weight and adiposity (total and visceral), insulin sensitivity (S I ), first-phase insulin response, and pancreatic function were performed. Study results have important implications in attempts to identify subjects who may have greater inherent risk for metabolic complications during antipsychotic therapy.
Methods
This study was a 6-month, randomized, double-blind, parallel-group comparison of the glucoregulatory and metabolic effects of maintenance therapy with risperidone or olanzapine. (Haffner et al., 1996; Fujimoto et al., 1995; Cossrow and Falkner, 2004) . Outpatients (aged 18-65 yrs) with schizophrenia or schizoaffective or schizophreniform disorder using DSM-IV criteria were eligible, and were considered to be psychiatrically stable (CGI-S ≤ 4) and exhibited no exacerbation of symptoms requiring hospitalization for 3 months prior to screening. Subjects with a positive history of diabetes or substance abuse (excluding nicotine and cannabis), significant medical illness, or unstable psychiatric disease were excluded. Subjects with baseline obesity were included to reflect the overall patient population receiving antipsychotics. Subjects may have undergone prior treatment with atypical antipsychotics >30 days prior to baseline examination. Treatment with haloperidol within 30 days of study entry was acceptable. Subjects with a history of clozapine treatment for >4 consecutive weeks continuously within 3 months prior to the screening visit were excluded. The study was approved by Institutional Review Boards of all investigative sites. Written informed consent was obtained from all subjects after complete study description was provided.
Study design
After screening to determine eligibility, subjects underwent baseline assessment of metabolic status and body composition. In addition to body weight and waist-hip ratio, adiposity was quantified by dual energy X-ray absorptiometry (DEXA) and abdominal computed axial tomography (CT) scan. Indices of glucose homeostasis were assessed by frequently sampled intravenous glucose tolerance test (FSIGT). Subjects were then randomized to risperidone or olanzapine for a 6-month, double-blind treatment phase. Study medication was adjusted over 1 week to reach target dose (risperidone at 6 mg/day and olanzapine at 20 mg/day), while doses of pre-study antipsychotics were reduced and then discontinued. Adiposity and glucose homeostasis were measured at weeks 6 and 24 of treatment.
Experimental procedures
Anthropometric measurements were made with subjects in lightweight clothing without shoes. Height was measured during screening or at baseline testing and body weight measured weekly from baseline to week 6 and at weeks 8, 12, 16, 20, and 24 . Body mass index (BMI) was classified as normal (18.5-24.9 kg/m 2 ), overweight (25.0-29.9 kg/ m 2 ), or obese (≥30.0 kg/m 2 ) (Pi-Sunyer, 1998). Waist-hip ratio was calculated using minimum waist and broadest hip circumferences. Total body fat mass was assessed by DEXA. Visceral adiposity was calculated from single slice CT scan at the level of the umbilicus. Adiposity was expressed in cm 2 . Procedures for DEXA and abdominal CT scans were standardized across sites.
Insulin-modified FSIGTs were performed on an outpatient basis after an overnight fast. Two basal blood samples were drawn from a catheter inserted in an antecubital vein, and glucose (11.4 g/m 2 ) was injected over 1 min beginning at time 0. Additional samples were drawn at 2, 4, 6, 8, 10, 14, and 19 min, followed by insulin injection (0.03 U/kg) at 20 min and further sampling at 22, 24, 27, 30, 40, 50, 70, 90, 120, 150, 180, 210, and 240 min. Samples were kept on ice until centrifugation, and plasma stored at −20 °C for subsequent assay of glucose and insulin. Glucose was measured by the glucose oxidase method (YSI Model 2700, Yellow Springs, Ohio), with intra-assay coefficient of variation (CV) of <1%. Insulin was assayed by ELISA (Linco, St. Charles, Missouri), with intra-and inter-assay CV of 2 ± 1% and 5 ± 1%, respectively. Both assays were performed in the laboratory of Dr. Richard Bergman at the University of Southern California. Insulin sensitivity (S I ) and glucose effectiveness (S G ) were calculated using MINMOD software (MINMOD Millennium version 6.02) (Boston et al., 2003) . First-phase insulin response (AIR G ) was calculated as incremental insulin area from 0 to 10 min and glucose tolerance (K G ) as the negative slope of the natural log of glucose versus time from 10 to 19 min (Lee et al., 1992) . To assess the ability of the -cells to compensate for insulin resistance, we normalized the insulin response to S I (Bergman et al., 2001) , since reductions in S I should elicit upregulation of -cell function. Pancreatic -cell function was defined as the disposition index (DI), calculated as the product of AIR G × S I (Bergman et al., 2001; Bergman, 1989 ).
Statistical analysis
All randomized subjects receiving ≥ 1 dose of study medication and ≥ 1 post-baseline FSIGT were used for analysis of the glucoregulatory effects of index antipsychotic therapy. Compliance was verified by measurement of plasma drug levels. Investigative center effect was included in all statistical models. The last-observation-carried-forward rule was applied when subjects discontinued the study before completing the week-6 visit. Similar procedures were applied for subjects discontinuing before week-24 testing.
The primary study endpoint was the change in DI over 24 weeks of treatment. Change from baseline was analyzed using analysis of covariance, with baseline score as covariate, and center and treatment as fixed factors. Wilcoxon signed rank test was used to test for withingroup differences from baseline. Data were similarly analyzed for DI changes from baseline to week 6, as well as for all secondary variables (S I , AIR G , S G , K G , fasting glucose and insulin, and adiposity measures). Given known ethnic differences in S I , adiposity, and diabetes risk (Haffner et al., 1996; Fujimoto et al., 1995; Cossrow and Falkner, 2004) , particularly among African Americans and Hispanics (Cossrow and Falkner, 2004) , post hoc analyses of treatment effects were performed on adiposity and FSIGT-derived variables in the African American and Hispanic subjects in each treatment group. All normally distributed data (body weight, adiposity, fasting values) were expressed as mean after adjustment for test site and baseline values. Derived data (S I , S G , DI) displayed non-normal distribution, and treatment-associated effects were assessed using non-parametric tests on median changes. All means and standard errors to follow are adjusted by investigator site and baseline value. Results from initial analyses were corroborated by additional analyses performed independent of study sponsor (Emory University School of Medicine).
Results

Background characteristics (Table 1)
A total of 59 subjects were randomized, and >75% completed the full 24-week treatment period. Study dropout rates were comparable between groups (risperidone, 25.0%; olanzapine, 22.6%) and primarily reflect loss to follow up (57.1% of dropouts in both groups). Two subjects discontinued because of adverse events: weight gain and sedation in an olanzapine subject and a positive pregnancy test in a risperidone subject. Groups were similar for age and ethnicity. Prior use of atypical antipsychotics was also similar between groups (p = 0.535).
Anthropometric variables
At baseline, groups were weight-matched (mean [±SE] 186.8 ± 7.9 lb in the risperidone group and 190.9 ± 7.0 lb in the olanzapine group; Table 1 ) and categorized as overweight or obese. The effect of antipsychotic treatment on body weight is illustrated in Fig. 1 . Significant weight gain (+3.0 ± 0.8 lb) was seen within 1 week of starting treatment with risperidone (p < 0.0001; Fig. 1 ), and this was sustained at week 6 (+3.8 ± 1.2 lb) and week 24 (+4.7 ± 2.5 lb; p = 0.0007 and p = 0.0006, respectively). Body weight also increased significantly within 1 week of starting olanzapine treatment (+2.3 ± 0.7 lb; p < 0.004) and increased further at week 6 (+6.4 ± 1.2 lb; p < 0.0001) and week 24 (+9.5 ± 2.7 lb; p < 0.0007; Fig. 1 ).
Prospective assessment of treatment-induced changes in adiposity is presented in Fig. 2 . At baseline, the groups had similar total (risperidone, 22,120 ± 2109 cm 2 ; olanzapine, 26,964 ± 2570 cm 2 ) and visceral (92 ± 16 cm 2 and 81 ± 12 cm 2 , respectively, p > 0.27) adiposity.
Treatment with olanzapine induced a small but significant increase in total adiposity by week 6 (+1436 ± 458 cm 2 ; p = 0.0006) which was sustained to week 24 (+2952 ± 1265 cm 2 ; p = 0.0023 vs. baseline; Fig. 2A ). In the risperidone group, total adiposity was not significantly increased until week 24 (+1617 ± 1141 cm 2 above baseline; p = 0.0153). In contrast, visceral adiposity was increased at week 24 in both the olanzapine-and risperidone-treated groups (p < 0.0029 for both, vs. respective baselines; Fig. 2B ). No significant within-or between-group changes in waist-hip ratio were observed (p > 0.57; data not shown).
Fasting plasma concentrations
There were minimal effects of antipsychotic treatment on measured plasma values. Fasting glycemia was not affected by either treatment (p > 0.1). Of note, two subjects had excursions of fasting glucose into the diabetic range (≥126 mg/dl). One olanzapine-treated subject exhibited fasting hyperglycemia (144 mg/dl) at week 6, which was normalized (101 mg/dl) by week 24, and hyperglycemia (173 mg/dl) developed in a subject receiving risperidone at week 24. In both cases, fasting hyperinsulinemia was also present at these time points (45 and 85 µU/ml, respectively). Glycosylated hemoglobin remained in the normal range for these and all other subjects (data not shown). Whether these data represent a direct effect of the antipsychotics or an incomplete fasted state is not known.
Fasting insulin levels, which were well-matched in the two groups at baseline (risperidone, 10.3 ± 1.6 µU/ml; olanzapine, 8.5 ± 1.0 µU/ml; p = 0.218), increased during treatment with both olanzapine (week 6, 12.5 ± 2.0; week 24, 12.0 ± 1.6 µU/ml; p = 0.032 and p = 0.013, respectively) and risperidone (week 6, 14.1 ± 2.9; week 24, 15.5 ± 3.7 µU/ml; p = 0.014 and p = 0.045, respectively). (Table 2A) Normalization of glycemia after glucose injection was unchanged during treatment with risperidone and olanzapine, as reflected in stable K G that was similar in the two groups (p > 0.11). S I did not change significantly during olanzapine treatment (p ≥ 0.19), but there was a downward trend in the risperidone-treated subjects (median, 1.97, 1.37, and 1.01 × 10 −4 min −1 per µU/ml at baseline, week 6, and week 24; p = 0.088 baseline vs. week 24; Table   2A ). No significant differences between treatments were observed for SI at any time (p > 0.88). AIR G was similar between groups at baseline, and exhibited a transient 44% increase in the olanzapine-treated subjects at week 6 (p = 0.0028); no between-treatment differences were detected during the study (p > 0.4). Pancreatic -cell function, measured by the DI, was unaffected by risperidone (p > 0.78) and olanzapine (p > 0.19). There were no detectable within-group or between-group changes in S G (p > 0.24; Table 2A ).
FSIGT results
Subset analysis: African American and Hispanic subjects
To determine whether antipsychotics exert greater metabolic effects in high-risk subjects, we tested for treatment effects in the combined subset of African American and Hispanic subjects (16 of the 28 subjects of the risperidone group and 17 of the 31 subjects of the olanzapine group; Table 1 ). This subgroup exhibited no difference in dropout rates between groups (OLZ: 3 of 17 subjects, or 17.7%, RIS: 5 of 16 subjects, 31.3%; p = 0.44), with the bulk of the dropouts (three in each group) due to loss to follow-up. In addition, there were no significant differences between treatment groups in baseline body weight (OLZ: 199 ± 10, RIS: 189 ± 10 lbs; p = 0.39), total adiposity (31,258 ± 4173, RIS: 22,998 ± 2640 cm; p = 0.20), and visceral adiposity (OLZ: 85 ± 22, RIS: 55 ± 11 cm; p = 0.09). There were also no significant differences in baseline FSIGT parameters between groups (Table 2B ; p > 0.19), although a trend for lower S G was observed in the OLZ group (p = 0.08). The effect of antipsychotics on adiposity in this subset is shown in Fig. 3 . Although total fat was unaffected by risperidone treatment at either week 6 (197 ± 685 cm above baseline; p = 0.29) or week 24 (586 ± 1831 cm below baseline; p = 0.17), a significant increase in the total adipose depot was seen at both time points in the olanzapine group: 2045 ± 643 cm 2 above baseline at week 6 (p = 0.0062) and 5049 ± 1303 cm 2 above baseline at week 24; p = 0.0022). Changes in total adiposity were significantly greater with olanzapine than risperidone at week 6 (p = 0.0346) and week 24 (p = 0.0160; Fig. 3A ). Visceral adiposity was increased in the olanzapine group by week 6 (baseline, 85 ± 22 cm 2 ; week 6, 104 ± 25 cm 2 ; p = 0.052) and was significantly greater at week 24 (130 ± 33 cm ; p = 0.0146 vs. baseline; Fig. 3B ). No significant changes in visceral adiposity were observed in the risperidone-treated subjects (p > 0.14). Between-treatment differences in visceral adiposity were not significant (p = 0.6206 and p = 0.3281 for weeks 6 and 24, respectively).
At baseline, S I was similar between the African American and Hispanic subgroup (median:
1.93, min/max: 0.33/6.03) and those of non-African American and Hispanic ethnicity (median: 2.20, min/max: 0.48/6.48; p = 0.63), but the former exhibited higher AIR G (median: 689, min/max: 45/4579, vs. median: 344, min/max: 69/ 1716; p = 0.005), as is widely reported (e.g. Haffner et al., 1996) . Subjects demonstrated a modest downward trend in S I (Table 2B) , with a small risperidone effect at week 6 (baseline, 2.12; week 6, 1.52 × 10 −4 min −1 per µU/ml; p = 0.068), which was compensated by modest increases in AIR G such that DI was not significantly different from baseline (median change from baseline, −136; range, −1727-2160; p = 0.54). During olanzapine treatment, S I tended to decline by week 24 (baseline, 1.06; week 24, 0.68 × 10 −4 min −1 per µU/ml; p = 0.060), but pancreatic function did not adequately compensate, resulting in a significant decrease in DI (median change from baseline, −387; range, −1264-455; p = 0.033), and impaired glucose tolerance (K G ) (p = 0.0479 vs. baseline).
Discussion
Widespread use of atypical antipsychotics has been complicated by associated weight gain and increased incidence of diabetes. Considerable evidence suggests that the metabolic risk differs between these agents, although results largely emanate from retrospective or crosssectional studies (Haddad, 2004; Jin et al., 2002; Henderson et al., 2005) . In the present study, both olanzapine and risperidone induced significant weight gain, with the effects of olanzapine greater than those of risperidone. Fasting hyperinsulinemia was observed throughout the study period in both treatment groups. Increased adiposity developed with both treatments, although the effects of olanzapine on total adiposity occurred more rapidly than during risperidone treatment. Our data also demonstrate the extensive variability of glucoregulatory measures in this patient population, due in part to inclusion of ethnic minorities prone to insulin resistance and increased adiposity. When analyzed independently, this ethnic subset displayed further differential treatment effects on adiposity and pancreatic function.
Both risperidone and olanzapine increased body weight within 1 week of treatment (Fig. 1) , and significant weight gain was sustained in both groups for the entire 24-week treatment period. Weight gain induced by olanzapine exceeded that observed with risperidone at various time points, consistent with published reports (McIntyre et al., 2001) . However, unlike results from CATIE and meta-analysis Allison et al., 1999) , we observed no detectable difference in weight gain between treatments at the conclusion of the 24-week study. This result may be due to insufficient statistical power of the present study secondary to small group size, but other factors may also influence observed weight gain. Existence of baseline obesity may contribute to the absence of significant treatment differences in weight gain in our study, since it has been suggested that subjects with low baseline weight tend to exhibit the most pronounced drug-associated increases in body weight (Jones et al., 2001; Lee et al., 2004) , although this finding is not universally accepted (Simpson et al., 2001) . Finally, the effects of switching from prior antipsychotics on subsequent weight gain have been demonstrated (Weiden et al., in press ). Observed weight gain in the risperidone-treated groups may have been underestimated early in the study in those subjects who were switched from antipsychotics associated with greater weight gain, specifically olanzapine (n = 6, Table 1 ). However, it is likely that the confounding influence of switching on observed weight gain would be minimal 24 weeks after the switching occurred.
The mechanisms by which antipsychotics alter energy balance remain under debate (Ota et al., 2002; Ader et al., 2005; Gothelf et al., 2002; Virkkunen et al., 2002; Graham et al., 2005; Basson et al., 2001) . Both olanzapine and risperidone reportedly increase caloric consumption in animals (Ota et al., 2002; Ader et al., 2005) and human subjects (Gothelf et al., 2002; Basson et al., 2001) . This effect may be mediated by central receptors, including H 1 (Kroeze et al., 2003; Goudie et al., 2003) and 5HT 2C (Reynolds et al., 2002; Buckland et al., 2005) , but peripheral actions have also been proposed. For example, antipsychotics may increase circulating levels of the gut peptide ghrelin, a potent stimulator of appetite and food intake (Nakazato et al., 2001) , although results are conflicting (Murashita et al., 2005; Togo et al., 2004) . Decreasing energy expenditure may also contribute to drug-associated weight gain (Virkkunen et al., 2002) , but such observations are not universally observed (Gothelf et al., 2002; Graham et al., 2005) .
Imaging techniques showed increased adiposity in both the olanzapine-and risperidonetreated subjects (Fig. 2) , a finding consistent with previous reports (Graham et al., 2005; Ader et al., 2005; Eder et al., 2001; Zhang et al., 2004) . However, the present study is the first to examine effects of antipsychotics on adiposity at multiple time points of treatment. This design revealed that olanzapine increased total fat mass more rapidly than risperidonewithin 6 weeks of starting treatment. Moreover, both drugs increased adiposity regardless of preexisting overweight or obese status, as evidenced by mean baseline BMI >25 kg/ m 2 in both treatment groups (Fig. 2) . This contrasts with data of Thakore and his colleagues, who reported that while drug-naïve subjects with schizophrenia had greater baseline visceral adiposity than healthy controls (Thakore et al., 2002) , no further expansion was observed after 6 months of treatment with either olanzapine or risperidone (Ryan et al., 2004) . Differences in study demographics may have contributed to this disparity. The prior study (Ryan et al., 2004) examined adiposity in a population of white European subjects. In contrast, the present study included a significant number of African American and Hispanic subjects (Table 1) , who have greater susceptibility to increased adiposity than age-and weight-matched non-Hispanic white subjects (Fujimoto et al., 1995) . Indeed, the present data support this view vis à vis drug-induced adiposity (Fig. 3) , especially with olanzapine treatment. Within 6 weeks, African American and Hispanic subjects exhibited significant increases in total adiposity during treatment with olanzapine but not risperidone, and by week 24, olanzapine induced expansion of the visceral adipose compartment. The data suggest that these patients may be particularly vulnerable to the adipogenic effects of some atypical antipsychotics. Finally, although sex differences in adiposity may contribute to observed variability (Zhang et al., 2004) , we observed no influence of sex on measured variables in this study.
Treatment effects on glucose metabolism were assessed using minimal model analysis of the FSIGT. Experimental procedures were performed without incident, and all relevant data could be estimated. This approach allowed us to follow the progression of both S I and pancreatic function (DI) for each subject undergoing treatment. We observed no significant change in S I with either drug, although a trend toward deterioration was observed (Table   2A ). These data are consistent with hyperinsulinemicclamp studies in healthy human subjects, in whom short-term (2-week) treatment with olanzapine or risperidone caused weight gain, but no detectable insulin resistance (Sowell et al., 2003) . In contrast, group differences in S I between antipsychotics (clozapine < olanzapine < risperidone) were reported in a cross-sectional study of subjects with schizophrenia (Henderson et al., 2005) , although that study was limited to non-obese volunteers and employed a study design that precluded assessment of treatment effects. In the present study, no such limitation was imposed, and the baseline obesity evident in our study population is more reflective of psychiatric patients undergoing antipsychotic therapy. Consistent with baseline obesity, subjects in the present study were more insulin resistant (S I 2 × 10 −4 min −1 per µU/ml) than that reported for lean subjects (5-7 × 10 −4 min −1 per µU/ml) (Bergman, 1989) . Our inability to detect further decline in S I with treatment is likely due to both this baseline resistance and to the known non-linearity between obesity and S I such that the effect of obesity to cause insulin resistance saturates at a level of adiposity evident in our population at baseline (Lillioja and Bogardus, 1988) . Finally, it is also possible that antipsychotics may have induced resistance specifically in liver or skeletal muscle , which would have been detectable only with application of tracer methodology. Indeed, Ader et al. (2005) reported marked hepatic insulin resistance in healthy dogs after 6 weeks' treatment with olanzapine but not with risperidone or placebo.
Insulin resistance alone is insufficient to explain antipsychotic-associated diabetes, since resistance normally prompts a robust compensatory insulin response to maintain glucose tolerance (Bergman et al., 2001) . However, there are few clinical studies that rigorously assess both insulin resistance and pancreatic function to determine whether antipsychotics alter -cell compensation for resistance (Sowell et al., 2002; Ader et al., 2005; Henderson et al., 2005; Hardy et al., 2007) . In a study of healthy subjects, Sowell and Hardy and their colleagues (Sowell et al., 2002; Hardy et al., 2007) report that glucose-stimulated insulin response was unaffected by short-term (2-week) treatment with olanzapine or risperidone. Despite observing weight gain in treated subjects, authors detected no associated insulin resistance, although this may reflect sub-optimal experimental methods for assessment of insulin resistance. Specifically, hyperglycemic clamps used to quantify resistance actually measure glucose metabolism that results from combined effects of elevated glucose and the elevated insulin engendered by that hyperglycemia, and thus does not provide an accurate measure of insulin sensitivity alone. In addition, HOMA-based measures are essentially equivalent to fasting insulin and should be used with restraint in studies in which a -cell defect may be present, since indices are based on the concept that fasting insulin is elevated in insulin resistant states. In the report of Henderson et al. (2005) , authors report unchanged first-phase insulin response in non-obese subjects treated with olanzapine, risperidone, or clozapine, despite measured insulin resistance (olanzapine and clozapine groups), which resulted in non-significant trends towards reduced DI. This study used well-accepted methods for assessment of insulin sensitivity and pancreatic response, but conclusions regarding possible drug effects may be limited by the study's cross-sectional design. While longitudinal assessment to test for possible effects of antipsychotics on insulin sensitivity and secretion are scarce, this issue has been addressed in animals. In a recent study in dogs, olanzapine was found to completely block normal -cell compensation (as measured by the DI) . In the absence of a significant decrement in S I in the present study, we observed no within-group or between-group differences in pancreatic function (DI) in the entire study population (Table 2A ). However, in the African American and Hispanic subjects, an effect of olanzapine to reduce DI was observed (Table 2B) , and glucose tolerance declined. When analyzed independently, this ethnic subset displayed differential treatment effects on adiposity and pancreatic function, suggesting that some groups may represent an at-risk population for the deleterious metabolic effects of antipsychotics, notably olanzapine.
Limitations of this study include the relatively small group sizes, which constrained our statistical power to detect treatment changes. Little quantitative information was available a priori on insulin sensitivity or adiposity in subjects with schizophrenia or on the specific effects of antipsychotics on these parameters. Some of the observed variability in these processes could have been minimized if subject enrollment were restricted to lean subjects or those of single ethnicity. However, the choice to allow obese subjects at baseline was made to best reflect the realities of the psychiatric population undergoing antipsychotic treatment. By using a longitudinal study design in which subjects are tested at multiple time points, we gain information by having each subject serve at his/her own control. In the absence of controls for prior antipsychotic use, our results were also vulnerable to confounding effects of switching between agents of differing metabolic profiles.
In conclusion, this study is the first prospective assessment of the effects of olanzapine and risperidone on adiposity and glucoregulatory function in overweight and obese subjects with schizophrenia. Drug-induced weight gain and increased total and visceral fat mass were observed. Treatment effects on S I were not detectable, owing to baseline insulin resistance consistent with the subjects' overweight status plus a high degree of variability evident in this study population. Indeed, this study offers the first quantitative evaluation of the biologic heterogeneity of this patient population, which will prove useful in the design of future studies of these agents on glucose homeostasis. Most important, results from the African American and Hispanic subset of subjects indicate that these groups, known to be at increased risk for Type 2 diabetes compared with non-Hispanic white subjects (Cowie et al., 1993) , also demonstrate increased susceptibility to the metabolic effects of antipsychotic medications. Future studies are needed to examine the specific effects of these antipsychotics on minorities and other subjects with preexisting risk factors for diabetes and the metabolic syndrome. Comparison of time course of body weight gain between antipsychotic treatment groups (least squares mean ± SE). Statistics for treatment differences are based on ANCOVA, with center and treatment as the main effects and baseline as covariate. Both treatments were associated with significant weight gain over baseline throughout study period (weeks 1 through 24; p < 0.004 for each). There was a significantly greater weight gain with olanzapine compared to risperidone at weeks 5 (p < 0.05) and 12 (<0.03). 
